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(57) ABSTRACT

A clock regenerator includes a pulse generating module, a
control logic module, a gating module and an output module.
The pulse generating module is configured to receive a global
clock signal and produce a periodic pulse signal triggered by
a rising edge of the global clock signal. The control logic
module is configured to receive a plurality of control signals
and produce a pulse-type setting signal and a gating signal
according to the periodic pulse signal and the control signals.
The gating module is configured to produce an intermediate
clock signal according to the pulse-type setting signal and the
gating signal. The output module is configured to provide a
local clock signal according to the intermediate clock signal.
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200

S201
Receive a global clock signal GCLK

l S202

Produce a periodic pulse signal PS b —
triggered by the global clock signal GCLK

'

Receive control signals

l S204

Produce a pulse-type setting signal SET and | ——~

a gating signal GATE_b according to the

periodic pulse signal PS b and the control
signals

:

S203

Produce a intermediate clock signal CLK b 82,05
according to the pulse-type setting signal
SET and the gating signal GATE b
S206

Provide a local clock signal LCLK according [——
to the intermediate clock signal CLK b

FIG. 1C
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Receive a global clock signal GCLK

l

Produce a periodic pulse signal PS b
triggered by the global clock signal GCLK

l

Receive control signals

l

Produce a pulse-type setting signal SET and
a gating signal GATE b according to the
periodic pulse signal PS b and the control

signals

l

Produce a intermediate clock signal CLK b
according to the pulse-type setting signal
SET, the gating signal GATE band a
delayed global clock signal GCLKrst

l

Provide a local clock signal LCLK according
to the intermediate clock signal CLK b

FI1G. 3C
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600

Receive a global clock signal GCLK

S601

) J

Produce a periodic pulse signal PS_b
triggered by the global clock signal GCLK

S602

Y

Receive control signals

Y

Produce a pulse-type setting signal SET and
a gating signal GATE_b according to the
periodic pulse signal PS b and the control

signals

MD=

S606

Y

Produce a intermediate clock
signal CLK b According to the
pulse-type setting signal SET, the
gating signal GATE_b and a
delayed global clock signal
GCLKist

v

Provide a local clock signal
LCLK according to the
intermediate clock signal CLK_b

/

S607

Determine

a mode selection signal MD

0

S608
Y —

Produce a intermediate clock
signal CLK_b According to the
pulse-type setting signal SET, the
gating signal GATE_b and the
eriodic pulse signal PS b

Y

Provide alocal clock signal
LCLK according to the
intermediate clock signal CLK b

FIG. 5C
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1
CLOCK REGENERATOR

FIELD

The present disclosure relates to an electronic circuit. More
particularly, the present disclosure relates to a timing circuit
in a synchronous system.

BACKGROUND

Ina standard digital and mixed-signal design, clock storage
elements (CSE), such as flip-flops, latch circuits and registers,
are required to be operated in synchrony with a reference
clock signal (also called as a global clock signal). In synchro-
nous system design, broadcasting the global clock signal in a
clock network directly from its source to every clock storage
element causes a significant fraction of dynamic power. In
addition, it is hard to maintain quality of the original global
clock signal during transmission over the clock network.

Distributed clock regenerator (DCR) is a technique that can
improve performance, especially power reduction, of the
clock network. Firstly, DCR provides gain to drive corre-
sponding clock storage elements, such that a loading of the
global clock source can be reduced. Secondly, DCR provides
a clock gating function, which is configured to activate a local
clock signal for clock storage elements in use and to deacti-
vate the local clock signal for other idling clock storage
elements. In addition, some DCRs also provide functions for
testing.

In some practical applications, some control signals (e.g., a
test-hold signal and a scan enable signal for testing purposes,
and a clock-gating signal for power saving purposes) are
utilized to determine whether the local clock signal is gener-
ated or not by the DCR. The setup time of these control
signals (especially for the clock-gating signal) is usually
tighter than other signals on a data path. A critical path affect-
ing a cycling time involving the DCR usually involves the
clock-gating signal, because the clock-gating signal is typi-
cally generated by complex logic circuits.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure can be more fully understood by reading the
following detailed description of the embodiments, with ref-
erence made to the accompanying drawings as follows:

FIG. 1A is a schematic diagram illustrating a clock regen-
erator according to some embodiments of the present disclo-
sure;

FIG. 1B is a schematic diagram illustrating circuit structure
of the clock regenerator according to some embodiments of
the present disclosure;

FIG. 1C is a schematic diagram illustrating a clock regen-
erating method according to some embodiments of the
present disclosure;

FIG. 2 is a waveform diagram illustrating related signals of
the clock regenerator in FIGS. 1A and 1B;

FIG. 3A is a schematic diagram illustrating a clock regen-
erator according to some embodiments of the present disclo-
sure;

FIG. 3B is a schematic diagram illustrating circuit structure
of the clock regenerator according to some embodiments of
the present disclosure;

FIG. 3C is a schematic diagram illustrating a clock regen-
erating method according to some embodiments of the
present disclosure;

FIG. 4 is a waveform diagram illustrating related signals of
the clock regenerator in FIGS. 3A and 3B;
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FIG. 5A is a schematic diagram illustrating a clock regen-
erator according to some embodiments of the present disclo-
sure;

FIG. 5B is a schematic diagram illustrating circuit structure
of the clock regenerator according to some embodiments of
the present disclosure;

FIG. 5C is a schematic diagram illustrating a clock regen-
erating method according to some embodiments of the
present disclosure;

FIG. 6 is a schematic diagram illustrating a timing rela-
tionship between the control signals and the global clock
signal in the clock regenerator according to aforesaid
embodiments.

DETAILED DESCRIPTION

Reference is made to FIG. 1A, FIG. 1B, FIG. 1C and FIG.
2. FIG. 1A is a schematic diagram illustrating a clock regen-
erator 100 according to some embodiments of the present
disclosure. FIG. 1B is a schematic diagram illustrating circuit
structure of the clock regenerator 100 according to some
embodiments of the present disclosure. FIG. 1C is a sche-
matic diagram illustrating a clock regenerating method 200
according to some embodiments of the present disclosure.
The clock regenerating method 200 is utilized on the clock
regenerator 100 in some embodiments. FIG. 2 is a waveform
diagram illustrating related signals of the clock regenerator
100 according to some embodiments of the present disclo-
sure.

As shown in FIG. 1A, the clock regenerator 100 includes a
pulse generating module 120, a control logic module 140, a
gating module 160 and an output module 180.

In some embodiments, the clock regenerator 100 serves as
a distributed clock regenerator (DCR). The clock regenerator
100 is utilized for re-generating a local clock signal LCLK
from a global clock signal GCLK. The clock regenerator 100
provides the local clock signal LCLK to corresponding clock
storage elements (CSE), such as flip-flops, latch circuits and
registers, which are not illustrated in figures. In some embodi-
ments, the clock regenerator 100 shares a loading of the clock
source (not illustrated in figures) by re-generating the local
clock signal LCLK from the global clock signal GCLK, and
the clock regenerator 100 provides gain during transmission
of a synchronized clock signal (the global clock signal
GCLK/the local clock signal LCLK) to each clock storage
element.

As shown in FIG. 1A, the pulse generating module 120 is
configured to receive the global clock signal GCLK and pro-
duce a periodic pulse signal PS_b triggered by rising edges of
the global clock signal GCLK (referring to embodiments
shown in FIG. 2). The control logic module 140 is coupled
with the pulse generating module 120. The control logic
module 140 is configured to receive a plurality of control
signals (including a test-hold signal THOLD, a scan-control
signal SCAN_b and a clock-gating signal CLKGATE) and
produce a pulse-type setting signal SET and a gating signal
GATE_b according to the periodic pulse signal PS_b and the
control signals. The gating module 160 is coupled with the
control logic module 140. The gating module 160 is config-
ured to produce an intermediate clock signal CLK_b accord-
ing to the pulse-type setting signal SET and the gating signal
GATE_b. The output module 180 is coupled with the gating
module 160. The output module 180 is configured to provide
a local clock signal LCLK according to the intermediate
clock signal CLK_b.

In some embodiments as shown in FIG. 1A, the clock
regenerator 100 further includes an output latch circuit 170
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disposed between the gating module 160 and the output mod-
ule 180. The output latch circuit 170 is configured for latching
the intermediate clock signal CLK_b.

As shown in FIG. 1B, FIG. 1C and FIG. 2, in operations
S201 and S202, the pulse generating module 120 receives the
global clock signal GCLK and produce the periodic pulse
signal PS_b triggered by rising edges of the global clock
signal GCLK (as shown in FIG. 2).

In some embodiments illustrated in FIG. 1B, the pulse
generating module 120 includes a NAND gate 121 and a latch
circuit 122. One input of the NAND gate 121 receives the
global clock signal GCLK. Another input of the NAND gate
121 is coupled to an output of the latch circuit 122. An output
of the NAND gate 121 is configured for outputting the peri-
odic pulse signal PS_b. One input of the latch circuit 122 is
coupled with the output of the NAND gate 121. Another input
of the latch circuit 122 receives the global clock signal
GCLK. The output of the latch circuit 122 is coupled with the
NAND gate 121. Based on latching function by the latch
circuit 122, the pulse generating module 120 forms the peri-
odic pulse signal PS_b, which includes periodic pulses cor-
responding to every rising edges of the global clock signal
GCLK (as shown in FIG. 2). However, circuitry of the pulse
generating module 120 is not limited to the embodiment
shown in FIG. 1B. Various configurations of the pulse gener-
ating module 120 are within the contemplated scope of the
present disclosure.

In operations S203, the control logic module 140 receives
some control signals for controlling behavior of the clock
regenerator 100. In operations S204, the control logic module
140 produces the pulse-type setting signal SET and the gating
signal GATE_b according to the periodic pulse signal PS_b
and the control signals.

In some embodiments shown in FIG. 1B, the control sig-
nals received by the control logic module 140 include a test-
hold signal THOLD, a scan-control signal SCAN_b and a
clock-gating signal CLKGATE. The test-hold signal THOLD
and the scan-control signal SCAN_b are utilized to switch the
clock regenerator 100 into a testing mode.

In the testing mode, providing the local clock signal LCLK
or not depends on the test-hold signal THOLD and the scan-
control signal SCAN_b. In some embodiments, the test-hold
signal THOLD has higher priority than the scan-control sig-
nal SCAN_b. Once the test-hold signal THOLD is asserted at
high level (i.e., logical “1”), the local clock signal LCLK will
not be provided (fired). On the other hand, when the test-hold
signal THOLD is deasserted at low level (i.e., logical “0”) and
the scan-control signal SCAN_b is deasserted at low level
(i.e., logical “0”), the local clock signal LCLK will be pro-
vided (fired).

Besides the testing mode, when the test-hold signal
THOLD is deasserted at low level (i.e., logical “0”) and the
scan-control signal SCAN_b is asserted at high level (i.e.,
logical “1”), the clock regenerator 100 is in a function mode.
In the function mode (THOLD="0" and SCAN_b="1" in
some embodiments), providing the local clock signal LCLK
or not depends on the clock-gating signal CLKGATE. The
clock-gating signal CLKGATE is utilized to turn the clock
regenerator 100 into a gated state. For illustration, when the
clock storage elements (not shown in figures) coupled with
the clock regenerator 100 do not require the local clock signal
LCLK, and the clock regenerator 100 will not provide (or fire)
the local clock signal LCLK in the gated state.

When the clock-gating signal CLKGATE is deasserted at
low level (i.e., logical “0”) in the function mode, which means
THOLD=“0" and SCAN_b="1" in embodiments, the local
clock signal LCLK will be provided (fired). When the clock-
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gating signal CLKGATE is asserted at high level (i.e., logical
“0”) in the function mode, which means THOLD="0" and
SCAN_b="1" in embodiments, the local clock signal LCLK
will not be provided, and it is called as the gated state.

Explained in a different way, in some embodiments, when
the test-hold signal THOLD is deasserted at low level (i.e.,
logical “0”) and either one of the scan-control signal
SCAN_D or the clock-gating signal CLKGATE is deasserted
at low level (i.e., logical “0”), the local clock signal LCLK
will be fired.

In some embodiments shown in FIG. 1B, the control logic
module 140 includes a logic unit 141 and a logic unit 142. The
logic unit 141 is a NOR gate and the logic unit 142 is a NAND
gate in embodiments illustrated in FIG. 1B. The logic unit 141
has an input for receiving the pulse-type setting signal PS_b,
another input for receiving the test-hold signal THOLD, and
an output for outputting the pulse-type setting signal SET.
The logic unit 142 has an input for receiving the scan-control
signal SCAN_b, a second input for receiving the clock-gating
signal CLKGATE, and an output for outputting the gating
signal GATE_b. Various configurations of the control logic
module 140 are within the contemplated scope of the present
disclosure.

In embodiments illustrated in FIG. 1B, the gating module
160 includes switches T1, T2, T3 and T4. As embodiments
illustrated in FIG. 1B, the switch T1 is a PMOS transistor, and
the switches T2, T3 and T4 are NMOS transistors. The switch
T1 has a terminal coupled with a reference voltage source
Vdd, another terminal coupled with the output module 180,
and a gate terminal coupled with the output of the first logic
unit 141 for receiving the pulse-type setting signal SET.

The switch T2 has a terminal coupled with the output
module 180, another terminal coupled with the switch T3, and
a gate terminal coupled with the output of the logic unit 141
for receiving the pulse-type setting signal SET.

The switch T3 has a terminal coupled with the switch T2,
another terminal coupled with a reference ground, and a gate
terminal coupled with the output of the logic unit 142 for
receiving the gating signal GATE_b.

The switch T4 has a terminal coupled with the output
module 180, another terminal to the reference ground, and a
gate terminal coupled with the output of the logic unit 141 for
receiving the pulse-type setting signal SET. Various configu-
rations of the gating module 160 are within the contemplated
scope of the present disclosure.

As shown in FIG. 1C and FIG. 2, in operations S205, the
gating module 160 produces the intermediate clock signal
CLK_b accordingto the pulse-type setting signal SET and the
gating signal GATE_b.

The switch T2 and T3 decide falling edges of the pulse-type
intermediate clock signal CLK_b. The switch T1 and T4
decide rising edges of the pulse-type intermediate clock sig-
nal CLK_b. When at least one of the scan-control signal
SCAN_b and the clock-gating signal CLKGATE is fixed at
low voltage level, the gating signal GATE_b is fixed at high
voltage level, and such that the switch T3 is turned on. When
test-hold control signal THOLD is deasserted at low voltage
level, the switches T2/T4 are turned on and the switch T1 is
turned off when the pulse-type setting signal SET is at high
voltage level; the switches T2/T4 are turned off and the switch
T1 is turned on when the pulse-type setting signal SET is at
low voltage level.

In the case that the test-hold control signal THOLD is
deasserted at low voltage level and at least one of the scan-
control signal SCAN_b and the clock-gating signal CLK-
GATE is at low voltage level, when the pulse-type setting
signal SET is at high voltage level, the switches T2 and T3 are
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turned on, such that the intermediate clock signal CLK_b is
pulled low to the reference ground. When the pulse-type
setting signal SET is at low voltage level, the switches T2 and
T4 are turned off and switch T1 is turned on, such that the
intermediate clock signal CLK_b is pulled high to the refer-
ence voltage source Vdd. Accordingly, the pulse-type setting
signal SET is a reserve signal of the periodic pulse signal
PS_b and the gating signal GATE_b is fixed at high voltage
level (as shown in FIG. 2) when the test-hold control signal
THOLD is deasserted at low voltage level and at least one of
the scan-control signal SCAN_b and the clock-gating signal
CLKGATE is at low voltage level.

In embodiments shown in FIG. 1B and FIG. 2, both of the
falling edges and the rising edges of the pulse-type interme-
diate clock signal CLK_b correspond to the rising edges of
the global clock signal GCLK as shown in FIG. 2.

In some embodiments shown in FIG. 1B, the output latch
circuit 170 includes an inverter INV1, a switch T5 and a
switch T6. The switch TS is a PMOS transistor and the switch
T6 is a NMOS transistor. The output latch circuit 170 is
configured for latching the pulse-type intermediate clock sig-
nal CLK_b. Various configurations of the output latch circuit
170 are within the contemplated scope of the present disclo-
sure.

In operations S206, the output module 180 provides the
pulse-type local clock signal LCLK according to the pulse-
type intermediate clock signal CLK_b. In embodiments illus-
trated in FIG. 1A and FIG. 1B, the output module 180
includes an inverter. The pulse-type local clock signal LCLK
is formed as a reserve signal of the pulse-type intermediate
clock signal CLK_b (as shown in FIG. 2). Accordingly, the
clock regenerator 100 provides the pulse-type local clock
signal LCLK corresponding to the rising edges of the global
clock signal GCLK, as shown in FIG. 2. The pulse-type local
clock signal LCLK is provided selectively in accordance with
the test-hold control signal THOLD, the scan-control signal
SCAN_b and the clock-gating signal CLKGATE.

Each of the pulse generating module 120, the control logic
module 140, the gating module 160 and the output module
180 substantially induces one unit of delay time in sequence.
For illustration, one unit of delay time mentioned here is a
Fan-out of 4 (FO4) delay, which is equivalent to the delay
time of an inverter. In other words, the pulse generating mod-
ule 120, the control logic module 140, the gating module 160
and the output module 180 induce four FO4 delays. There-
fore, the pulse-type local clock signal LCLK is launched by
four units of delay time after the rising edge of the global
clock signal GCLK.

The control signals, THOLD, SCAN_b and CLKGATE,
are received by the control logic module 140, which is con-
nected at the next stage of the pulse generating module 120.
Therefore, the control signals, including the clock-gating sig-
nal CLKGATE, are required by one unit of delay time (e.g.,
one FO4 delay) after the rising edge of the global clock signal
GCLK. In other words, the clock-gating signal CLKGATE
can arrive later than the global clock signal GCLK by one
FO4 delay.

In embodiments shown in FIG. 1A and FIG. 1B, the clock
regenerator 100 provides the pulse-type local clock signal
LCLK. However, the disclosure is not limited to this.

Reference is made to FIG. 3A, FIG. 3B, FIG. 3C and FIG.
4. FIG. 3A is a schematic diagram illustrating a clock regen-
erator 300 according to some embodiments of the present
disclosure. FIG. 3B is a schematic diagram illustrating circuit
structure of the clock regenerator 300 according to some
embodiments of the present disclosure. FIG. 4 is a waveform
diagram illustrating related signals of the clock regenerator
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300 according to some embodiments of the present disclo-
sure. As shown in FIG. 3 A, the clock regenerator 300 includes
apulse generating module 320, a control logic module 340, a
gating module 360 and an output module 380. In some
embodiments as shown in FIG. 3A, the clock regenerator 300
further includes an output latch circuit 370 disposed between
the gating module 360 and the output module 380. F1G. 3C is
a schematic diagram illustrating a clock regenerating method
400 according to some embodiments of the present disclo-
sure. The clock regenerating method 400 is utilized on the
clock regenerator 300 in some embodiments.

In some embodiments, the clock regenerator 300 serves as
a distributed clock regenerator (DCR). The clock regenerator
300 is utilized for re-generating a local clock signal LCLK
from a global clock signal GCLK. In embodiments illustrated
in FIG. 3A, FIG. 3B and FIG. 4, the local clock signal LCLK
generated by the clock regenerator 300 is a level-mode local
clock signal LCLK.

As shown in FIG. 3A, FIG. 3C and FIG. 4, in operations
S401 and S402, the pulse generating module 320 receives the
global clock signal GCLK and produces a periodic pulse
signal PS_b triggered by rising edges of the global clock
signal GCLK (as shown in FIG. 2).

In some embodiments illustrated in FIG. 3B, the pulse
generating module 320 includes a NAND gate 321 and alatch
circuit 322. Based on latching function by the latch circuit
322, the pulse generating module 320 forms the periodic
pulse signal PS_b, which includes periodic pulses corre-
sponding to every rising edges of the global clock signal
GCLK (as shown in FIG. 4). Details of the pulse generating
module 320 can be referred to aforesaid embodiments related
to the pulse generating module 120 in FIG. 1B, and not to be
repeated here again.

As shown in FIG. 3A, FIG. 3C and FIG. 4, the control logic
module 340 is coupled with the pulse generating module 320.
In operations S403, the control logic module 340 receives
some control signals for controlling behavior of the clock
regenerator 300. In operations S404, the control logic module
340 produces a pulse-type setting signal SET and a gating
signal GATE_b according to the periodic pulse signal PS_b
and the control signals.

In some embodiments, the control signals received by the
control logic module 340 include a test-hold signal THOLD,
a scan-control signal SCAN_b and a clock-gating signal
CLKGATE. If the test-hold control signal THOLD is at high
voltage level, or if both of the scan-control signal SCAN_b
and the clock-gating signal CLKGATE are at high voltage
level, the gating module 360 is activated for blocking the
global clock signal GCLK and the periodic pulse signal PS_b
from affecting the level-type intermediate clock signal
CLK_b and the level-type local clock signal LCLK. In this
case when the gating module 360 is activated for blocking, the
local clock signal LCLK will not be provided (or fired).

In some embodiments, the control logic module 340
includes a logic unit 341 and a logic unit 342. The logic unit
341 is a NOR gate and the logic unit 342 is a NAND gate in
embodiments illustrated in FIG. 3B. Details of the control
logic module 340 can be referred to aforesaid embodiments
related to the control logic module 140 in FIG. 1B, and not to
be repeated here again.

When the gating module 360 is not activated for blocking,
the pulse-type setting signal SET is a reserve signal of the
periodic pulse signal PS_b, and the gating signal GATE_b is
fixed at high voltage level (as shown in FIG. 4).

In embodiments illustrated in FIG. 3B, the gating module
360 includes switches T1, T2, T3 and T4. Compared to
embodiments shown in FIG. 1B, the switches T1 and T4 of
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the embodiments illustrated in FIG. 3B are controlled by a
delayed global clock signal GCLKrst, instead of being con-
trolled by the pulse-type setting signal SET. The delayed
global clock signal GCLKrst is similar to the original global
clock signal GCLK. The gating module 360 is two stages of
delay time later than the pulse generating module 320. The
pulse-type setting signal SET is ready by two units of delay
time after the global clock signal GCLK. In order to synchro-
nize arriving timings of the gate-controlling signals to the
switches T1, T2, T3 and T4, two inverters INV2 and INV3 are
disposed for simulating two units of delay time and convert-
ing the global clock signal GCLK into the delayed global
clock signal GCLKrst.

As shown in FIG. 3A, FIG. 3C and FIG. 4, in operations
S405, the gating module 360 produces the intermediate clock
signal CLK_b according to the pulse-type setting signal SET,
the gating signal GATE_b and the delayed global clock signal
GCLKTst.

The switch T2 and T3 decide falling edges of the level-type
intermediate clock signal CLK_b. The switch T1 and T4
decide rising edges of the pulse-type intermediate clock sig-
nal CLK_b.

The switch T2 and T3 decide falling edges of the pulse-type
intermediate clock signal CLK_b. The switch T1 and T4
decide rising edges of the pulse-type intermediate clock sig-
nal CLK_b. When at least one of the scan-control signal
SCAN_b and the clock-gating signal CLKGATE is fixed at
low voltage level, the gating signal GATE_b is fixed at high
voltage level, and such that the switch T3 is turned on. In the
case that test-hold control signal THOLD is deasserted at low
voltage level, the switches T2 is turned on when the pulse-
type setting signal SET is at high voltage level; the switches
T4 are turned off and the switch T1 is turned on when the
delayed global clock signal GCLKrst is at low voltage level.

In the case that the test-hold control signal THOLD is
deasserted at low voltage level and at least one of the scan-
control signal SCAN_b and the clock-gating signal CLK-
GATE is deasserted at low voltage level, when the pulse-type
setting signal SET is at high voltage level, the switches T2 and
T3 are turned on, such that the intermediate clock signal
CLK_b is pulled low to the reference ground. When the
delayed global clock signal GCLKrst is at low voltage level,
the switches T2 and T4 are turned off and switch T1 is turned
on, such that the intermediate clock signal CLK_b is pulled
high to the reference voltage source Vdd.

Accordingly, when the test-hold control signal THOLD is
deasserted at low voltage level and at least one of the scan-
control signal SCAN_b and the clock-gating signal CLK-
GATE is deasserted at low voltage level, falling edges of the
level-type intermediate clock signal CLK_b correspond to
rising edges of the pulse-type setting signal SET, and rising
edges of the level-type intermediate clock signal CLK_b cor-
respond to falling edges of the delayed global clock signal
GCLKrst and also the global clock signal GCLK, as shown in
FIG. 4.

On the other hand, when one of the test-hold control signal
THOLD is at high voltage level, or both of the scan-control
signal SCAN_b and the clock-gating signal CLKGATE are at
high voltage level, at least one of the pulse-type setting signal
SET and the gating signal GATE_b is fixed at low voltage
level, such that the intermediate clock signal CLK_b will be
fixed at high voltage level, and the intermediate clock signal
CLK_b will not response to the global clock signal GCLK
(not shown in FIG. 2).

In some embodiments, the output latch circuit 370 includes
an inverter INV1, a switch T5 and a switch T6. The output
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latch circuit 370 is configured for latching the level-type
intermediate clock signal CLK_b.

In operations S406, the output module 380 provides the
level-type local clock signal LCLK according to the level-
type intermediate clock signal CLK_b.

Each of the pulse generating module 320, the control logic
module 340, the gating module 360 and the output module
380 substantially induces one unit of delay time in sequence.
For illustration, one unit of delay time mentioned here is a
Fan-out of 4 (FO4) delay, which is equivalent to the delay
time of an inverter. Therefore, the level-type local clock sig-
nal LCLK is launched by four units of delay time after the
rising edge of the global clock signal GCLK.

The control signals, THOLD, SCAN_b and CLKGATE,
are received by the control logic module 340, which is con-
nected at the next stage of the pulse generating module 320.
Therefore, the control signals, including the clock-gating sig-
nal CLKGATE, are required by one unit of delay time (e.g.,
one FO4 delay) after the rising edge of the global clock signal
GCLK. In other words, the clock-gating signal CLKGATE
can arrive later than the global clock signal GCLK by one
FO4 delay.

Other details of the clock regenerator 300 in FIG. 3A, FIG.
3B and FIG. 4 can be referred to the clock regenerator 100 in
aforesaid embodiments.

The clock regenerator 100 in aforesaid embodiments dis-
closes how to generate the pulse-type local clock signal
LCLK. The clock regenerator 300 in aforesaid embodiments
discloses how to generate the level-type local clock signal
LCLK. However, the clock regenerator in this disclosure is
not limited to generate only one type of the local clock signal
LCLK.

Reference is made to FIG. 5A, FIG. 5B and FI1G. 5C. FIG.
5A is a schematic diagram illustrating a clock regenerator 500
according to some embodiments of the present disclosure.
FIG. 5B is a schematic diagram illustrating circuit structure of
the clock regenerator 500 according to some embodiments of
the present disclosure. As shown in FIG. 5A, the clock regen-
erator 500 includes a pulse generating module 520, a control
logic module 540, a gating module 560, an output latch circuit
570 and an output module 580. FIG. 5C is a schematic dia-
gram illustrating a clock regenerating method 600 according
to some embodiments of the present disclosure. The clock
regenerating method 600 is utilized on the clock regenerator
500 in some embodiments.

In addition, the clock regenerator 500 further includes a
mode selector 530. The mode selector 530 is coupled with the
pulse generating module 520. The mode selector 530 is con-
figured to receive a mode selection signal MD, the global
clock signal GCLK and the periodic pulse signal PS_b. The
mode selector 530 is configured to output the global clock
signal GCLK or the periodic pulse signal PS_b selectively to
the gating module 560 according to the mode selection signal
MBD. The mode selector 530 is a multiplexer operated accord-
ing to the mode selection signal MD in some embodiments.

In embodiments shown in FIG. 5A, 5B and FIG. 5C, in
operations S605, the mode selection signal MD is received
and determine whether the clock regenerator 500 is set at
pulse or level mode.

Ifthe mode selection signal MD is set at high level, regard-
ing as logical “1”, the mode selector 530 will select the global
clock signal GCLK as a reset signal RESET _b, which is sent
to the switch T1 and the switch T4 of the gating module 560.
As shown in operations S606, the gating module 560 pro-
duces an intermediate clock signal CLK_b according to the
pulse-type setting signal SET, the gating signal GATE_b and
a delayed global clock signal GCLKrst. In this mode, the
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behaviors of the clock regenerator 500 will be similar to the
clock regenerator 300 in FIG. 3A and FIG. 3B, and the wave-
forms of related signals can be referred to FIG. 4.

On the other hand, if the mode selection signal MD is set at
low level, regarding as logical “0”, the mode selector 530 will
select the periodic pulse signal PS_b as the reset signal
RESET_b, which is sent to the switch T1 and the switch T4 of
the gating module 560. As shown in operations S608, the
gating module 560 produces an intermediate clock signal
CLK_b according to the pulse-type setting signal SET, the
gating signal GATE_b and the periodic pulse signal PS_b. In
this mode, the behaviors of the clock regenerator 500 will be
similar to the clock regenerator 100 in FIG. 1A and FIG. 1B,
and the waveforms of related signals can be referred to FIG.
2.

In operations S606 or S608, the gating module 560 pro-
duces an intermediate clock signal CLK_b in pulse-type (re-
ferring to FI1G. 2) or level-type (referring to FIG. 4) according
to the pulse-type setting signal SET, the gating signal
GATE_b and the reset signal RESET_b, which is equal to the
global clock signal GCLK or the periodic pulse signal PS_b
from the mode selector 530.

In operations S607 or S609, the output module 580 pro-
vides the local clock signal LCLK in pulse-type (referring to
FIG. 2) or level-type (referring to FIG. 4) according to the
intermediate clock signal CLK_b.

Details and other behaviors of the pulse generating module
520, the control logic module 540, the gating module 560, the
output latch circuit 570 and the output module 580 are already
disclosed in aforesaid embodiment, and not to be repeated
here.

Reference is also made to FIG. 6, which is a schematic
diagram illustrating a timing relationship between the control
signals THOLD, SCAN_b, CLKGATE and the global clock
signal GCLK inthe clock regenerator 100, 300 or 500 accord-
ing to aforesaid embodiments.

As shown in FIG. 6, each one of the pulse generating
module 120/320/520, the control logic module 140/340/540,
the gating module 160/360/560 and the output module 180/
380/580 substantially induces one unit of delay time in
sequence. For illustration, one unit of delay time mentioned
here is a Fan-out of 4 (FO4) delay, which is equivalent to the
delay time of an inverter. In other words, the pulse generating
module 120/320/520, the control logic module 140/340/540,
the gating module 160/360/560 and the output module 180/
380/580 totally induce four FO4 delays. Therefore, the local
clock signal LCLK is launched by four units of delay time
after the rising edge of the global clock signal GCLK.

The control signals, THOLD, SCAN_b and CLKGATE,
are received by the control logic module 140/340/540, which
is connected at the next stage of the pulse generating module
120/320/520. Therefore, the control signals, THOLD,
SCAN_b and CLKGATE, can be set up later than the global
clock signal GCLK is triggered. In other words, the control
signals, including the clock-gating signal CLKGATE, are
required by one unit of delay time (e.g., one FO4 delay) after
the rising edge of the global clock signal GCLK. In this case,
the clock-gating signal CLKGATE can arrive later than the
global clock signal GCLK by one FO4 delay, such that it will
give the clock-gating signal CLKGATE more time for setting
up, extenuate the critical path happened on the clock-gating
signal CLKGATE, and reducing the total cycling time in a
clock-network system involving the clock regenerator 100
and the clock storage elements (not shown in figures).

In some embodiments, a clock regenerator is disclosed that
includes a pulse generating module, a control logic module, a
gating module and an output module. The pulse generating
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module is configured to receive a global clock signal and
produce a periodic pulse signal triggered by a rising edge of
the global clock signal. The control logic module is config-
ured to receive a plurality of control signals and produce a
pulse-type setting signal and a gating signal according to the
periodic pulse signal and the control signals. The gating mod-
ule is configured to produce an intermediate clock signal
according to the pulse-type setting signal and the gating sig-
nal. The output module is configured to provide a local clock
signal according to the intermediate clock signal.

Also disclosed is a clock regenerating method. In the clock
regenerating method, a global clock signal is received. A
periodic pulse signal triggered by the global clock signal is
produced. Control signals are received. A pulse-type setting
signal and a gating signal are produced according to the
periodic pulse signal and the control signals. An intermediate
clock signal is produced according to the pulse-type setting
signal and the gating signal. A local clock signal is provided
according to the intermediate clock signal.

Also disclosed is a clock regenerator, which includes a
pulse generating module, a mode selector, a control logic
module, a first switch, a second switch, a third switch and an
output module. The pulse generating module is configured to
receive a global clock signal and produce a periodic pulse
signal triggered by a rising edge of the global clock signal.
The control logic module is configured to receive a plurality
of control signals and produce a pulse-type setting signal and
a gating signal according to the periodic pulse signal and the
control signals. The first switch has a first terminal coupled
with a reference voltage source, a second terminal, and a gate
terminal. The second switch has a first terminal coupled with
the second terminal of the first switch for forming an inter-
mediate clock signal, a second terminal, and a gate terminal
configured to receive the pulse-type setting signal. The third
switch has a first terminal coupled with the second terminal of
the second switch, a second terminal coupled with a reference
ground, and a gate terminal configured to receive the gating
signal. The output module is configured to provide a local
clock signal according to the intermediate clock signal.

In this document, the term “coupled” may be termed as
“electrically coupled”, and the term “connected” may be
termed as “electrically connected”. “Coupled” and “con-
nected” may also be used to indicate that two or more ele-
ments cooperate or interact with each other.

The above illustrations include exemplary operations, but
the operations are not necessarily performed in the order
shown. Operations may be added, replaced, changed order,
and/or eliminated as appropriate, in accordance with the spirit
and scope of various embodiments of the present disclosure.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the present disclosure without departing from the scope or
spirit of the application. In view of the foregoing, it is
intended that the present disclosure cover modifications and
variations of this application provided they fall within the
scope of the following claims.

What is claimed is:

1. A clock regenerator, comprising:

a pulse generating module, configured to receive a global
clock signal and produce a periodic pulse signal trig-
gered by a rising edge of the global clock signal;

a control logic module, configured to receive a plurality of
control signals and produce a pulse-type setting signal
and a gating signal according to the periodic pulse signal
and the control signals;
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a gating module, configured to produce an intermediate
clock signal according to the pulse-type setting signal
and the gating signal;

an output module, configured to provide a local clock sig-
nal according to the intermediate clock signal; and

a mode selector, configured to receive a mode selection
signal and the global clock signal, and configured to
output the global clock signal or the periodic pulse sig-
nal to the gating module selectively according to the
mode selection signal.

2. The clock regenerator of claim 1, wherein each of the
pulse generating module, the control logic module, the gating
module and the output module substantially induces one unit
of delay time in sequence, the local clock signal is launched
by four units of delay time after the rising edge of the global
clock signal.

3. The clock regenerator of claim 2, wherein the control
logic module receives the control signals by one unit of delay
time after the rising edge of the global clock signal.

4. The clock regenerator of claim 1, wherein the gating
module is configured to produce an intermediate clock signal
in pulse-type or level-type according to the pulse-type setting
signal, the gating signal, and the global clock signal or the
periodic pulse signal from the mode selector, and output
module is configured to provide the local clock signal in
pulse-type or level-type according to the intermediate clock
signal, and the control signals received by the control logic
module comprise a test-hold signal, a scan-control signal and
a clock-gating signal, the gating module is configured for
blocking the global clock signal from affecting the interme-
diate clock signal selectively in accordance with the test-hold
signal, the scan-control signal and the clock-gating signal.

5. The clock regenerator of claim 4, wherein the control
logic module comprises:

a first logic unit, having a first input for receiving the
periodic pulse signal, a second input for receiving the
test-hold signal, and an output for outputting the pulse-
type setting signal; and

a second logic unit, having a first input for receiving the
scan-control signal, a second input for receiving the
clock-gating signal, and an output for outputting the
gating signal;

and the gating module comprises:

a first switch, having a first terminal coupled with a refer-
ence voltage source, a second terminal coupled with the
output module, and a gate terminal coupled with the
mode selector;

a second switch, having a first terminal coupled with the
output module, a second terminal, and a gate terminal
coupled with the output of the first logic unit;

a third switch, having a first terminal coupled with the
second terminal of the second switch, a second terminal
coupled with a reference ground, and a gate terminal
coupled with the output of the second logic unit; and

a fourth switch, having a first terminal coupled with the
output module, a second terminal to the reference
ground, and a gate terminal with the mode selector.

6. The clock regenerator of claim 4, wherein first edges of
the intermediate clock signal in level-type correspond to the
pulse-type setting signal, and second edges of the intermedi-
ate clock signal in level-type correspond to the global clock
signal.

7. The clock regenerator of claim 1, further comprises an
output latch circuit disposed between the gating module and
the output module for latching the intermediate clock signal.

8. A clock regenerating method, comprising:

receiving a global clock signal;
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producing a periodic pulse signal triggered by the global
clock signal;

receiving a plurality of control signals;

producing a pulse-type setting signal and a gating signal
according to the periodic pulse signal and the control
signals;

receiving a mode selection signal;

producing an intermediate clock signal according to the
pulse-type setting signal and the gating signal, the inter-
mediate clock signal is produced in pulse-type or level-
type selectively according to the mode selection signal;
and

providing a local clock signal according to the intermediate
clock signal.

9. The clock regenerating method of claim 8, wherein the
periodic pulse signal triggered by a rising edge of the global
clock signal.

10. The clock regenerating method of claim 9, wherein the
control signals are received by one unit of delay time after the
rising edge of the global clock signal.

11. A clock regenerator, comprising:

a pulse generating module, configured to receive a global
clock signal and produce a periodic pulse signal trig-
gered by a rising edge of the global clock signal;

a control logic module, configured to receive a plurality of
control signals and produce a pulse-type setting signal
and a gating signal according to the periodic pulse signal
and the control signals;

a first switch, having a first terminal coupled with a refer-
ence voltage source, a second terminal, and a gate ter-
minal;

a second switch, having a first terminal coupled with the
second terminal of the first switch for forming an inter-
mediate clock signal, a second terminal, and a gate ter-
minal configured to receive the pulse-type setting signal;

a third switch, having a first terminal coupled with the
second terminal of the second switch, a second terminal
coupled with a reference ground, and a gate terminal
configured to receive the gating signal;

an output module, configured to provide a local clock sig-
nal according to the intermediate clock signal; and

a mode selector, configured to receive a mode selection
signal and the global clock signal, and configured to
output the global clock signal or the periodic pulse sig-
nal to the gate terminal of the first switch selectively
according to the mode selection signal.

12. The clock regenerator of claim 11, wherein the control
logic module receives the control signals by one unit of delay
time after the rising edge of the global clock signal.

13. The clock regenerator of claim 11, wherein the second
switch and the third switch are configured for setting the
intermediate clock signal, and the first switch is configured
for resetting the intermediate clock signal.

14. A clock regenerator, comprising:

a pulse generating module, configured to receive a global
clock signal and produce a periodic pulse signal trig-
gered by a rising edge of the global clock signal;

a control logic module, configured to receive a plurality of
control signals and produce a pulse-type setting signal
and a gating signal according to the periodic pulse signal
and the control signals;

a gating module, configured to produce an intermediate
clock signal according to the pulse-type setting signal
and the gating signal; and

an output module, configured to provide a local clock sig-
nal according to the intermediate clock signal,
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wherein each of the pulse generating module, the control
logic module, the gating module and the output module
substantially induces one unit of delay time in sequence,
the local clock signal is launched by four units of delay
time after the rising edge of the global clock signal. 5
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